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A study was IIJl.deof the rate of absarption of sulphur 1n
grams per minute from sulpbur dioxide - nitrogen gas mixtures by
molten iron and iron containing four per cent ear-bon, The ma:x1mum
rate of nitrogen flow and partial. pressure of sulpbtu- diOJdde was
350 ml/minute and 0·06 atmospheres respecUvcil¥. The malts were
contained in alundum and _gnos1a crucibles at 14000 .. l5500C, the
gas being blown on to the surface of tho metal arid oooas1o~
bubbled through the metal for mixing purposes by means of an
alumina tube. Samples or metal were taken periodi~ and
anal¥sed tOr carbon and sulphur by combustion methods:., In. tm.
iron .. carbon melts the rate of carbon remQVal \fO.B also 8tudied.•.
The effect of up to three per cent e1llcon OIl tbe absorption of
sulphur and cm. the removal of carbon was noted at 140000. The
etfect at SUlplDJron tbe so~ub1l1tl of carbon in 11'0./,.. carbQn ""
sulphur alloys waB found at l40QQ Oartd tbe.l1mitB at the' .o1bUi~·
.gap at carbon aattu"ation wer. determinod in. th113system at 1300° .
and 150000.
Tho equilJ.br1'1.1i1aBulpbur ,cUstrlbJ;tlon betveen lrol1 .
o.x1q""Billoe ..ma~esla 'Sf&a8 and; wt.Dir. 0.1) 1550°., 1600°, and
1650°0 .. obtalhed. . The Jd.n1mum ferrous add. content at
tMse slags Vail 5$ Il101 per ·cent.: tM Feaq. oontent of the BlAg
, . ~, ....., ,. " . , ,
wu 'convwrted ~ Fee) Gn'~ iron 'bas1s~ th~ slap bling anBl¥Bed
"
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tor FeS, FeO, Faaq" SiOg, and MgO, the metal far S. .Tba
(.1:21
[
" with mol
Q, ]
variation in tho sulpll.1r distribution ratio,
pe-r cant FoOTwas found to be independent of temperature in the
range studied and was given b¥ the 8~r.ssion •
The effect of magnesu. and s1l1ca on the cU.strlbution ratio ot
sulphur was noted, magnesia and si,lica being fcmld to lower the
ratio b¥ appr9X1mte~ the sams amount. Using tba re~van~ ,
a..
therm~c data the sulphide capacities, (1.s)~J#ii0a. ot \he
pis. '
slags 10 equllibrlWll with the molten IIl8tal ~ ,1'9Un4~" ...to inorease
with, 1u.creae1ngFe~ concentration aDd v1th increasing teJJlPGratUFe.,
, ,
T. absorption of sulphur trODl a 2 per eent, au1pb#
diox1Q... n1tl'ogen gas mixtUre tv' lIolten 4.ron oxide alaga held
in ~gtlesia cruoibles was etud1ed at 155Qo" 16~» and 162000.
TbQ pal"t1al, prea&Ureof ,ax;ygen 1i1 tba saa phase va. calculated
frOIl the terJ:'lc ~df oontent ot the equ1Ubr1ua alag and t.'JIe
. r ,~ '. :~
#
par~ press~. ,Qt' 'sulphUr ~ tile sas pbas ... oUcu14~q "CIi
. " ~,_. ."'. I '" .
the ~QWD ~~~c 'data 01) ~ gaseaue cOlJl)OUnds' of SUlpliJr aD4
OJqgent- ,he eu1.pbi.d.:0a.p401"',,, ua~ y ~~. ~ fr_
, ) " '~',
absaL-pUon powtIr" ot ~e slap t~ sUlp~, ~M sulphlde, OapaolUt.
, obt.a1Qed frOSt ths gae .' .lagtaptr1miintasd1ttceQ fl'~ 'thos.
'-',' .
-3..
are given far the differenoe,,_
The absorpt1on of sulphur _from a 3 per cent sulpbur
dioxide-nitrogen atmosphere by molten iron oxide-eUica slags 1n
contact with molten iron was studied at 1550oC. Samples er slag
and metal were taken almost s1multanoousq, and the variation in
the sulphur distr1bution coefficient with percentage FeO;~l1rOi1ghout
the run we obtained" The slagws found to be in equilibrium with
the liquid metal and not with the gas phase. fteference bas boen
made to the applioation of these results to tho pick-up of sulphur
by the metal in the open hearth furnace during the ,melt-downperi~,
. ,
, l~
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Wl h 'bhe increa.nd production of 11'on o.nd steol tUld tho
demands at ali 111du..'lWtor greator qua2ltlUes of oool and "'81 oU,
the re~erves of IQOd quo.llty 1'4V ma'arhls 1l8ed tJ.Y ,be iron. ODdsteol
1ndUs\17 fU'Q diminishing rap~ \hl.'wghou.\ tho WfM."ld. 'erf_c. the
1.ndus't.17 fl1UBt u e cres, coal. all tu.o ol1ot pOQllfF qualltq eaob
year, whicb plaCGS an incr ~1ng burden OIl tl\e oxtro.ot101l and r.i'l~
processes,,· As a resul.t, 1n recent Y06l"S, tbet ~obl.", ot S\.~hlUi'o()n't:.tG1
*~ghcut tho prQ<iuet10.n of lron a.n4 Bt$elllu(~ au'il!l3d gr."t lpU1eance
a c ainlg 1n tha uoq futUre wU1 boo~ 01 par8l'lOW1t ~tan(t ••
The " ,t lnpcrtan' 1IfI~ of GUlp" ...mcNnl 1n ~b ~h8
blaat turMQe and, steel _ktng t\u:1:mceb__ dn$l. 1iit U14plDl' b-
tal. \0 G,kn,TbBremevnl Of dulp~ tt·01I tl1e mqJ.t.fm,.tal .. t)tUtft·
tQW14 to 4,opend lJl)Qh a nw_I" ot fM'\Oi:'8, .• 'S. ocq,.lttlonot * llA.,
_W, and ,pe pbBaee,. oontac' atea. ~_n\U;r., WW sulpauz.,~.
"
and tbe: de"fi.< ,qt ~t~nt, of .q11J'Ul#1_ NIOI'I8 tbit ~!!fJUI pna,otrt
be .lnll p&atMt plq. "',t= tho mos' ~tan, pBl"\ In aul,bIQ:o ~ ,otal
in bQ, b ~. blABt, IUd '-8, ~, ~c ... tmd n ~,. ._ledge , '
of ~ cbatdcal ai¥1 pl\Vplcm3. ,pJroptn1a8 ott ,btl ol&fPS s~ll ao ,.
to belp C1U1" UDdG'a~ 01. 1htJ, if_aU... Inwlvtci tn, ~ liCW_n' •
f ' ~ ~ '_"
-wpllrt ,J,a the ~"'. In \Mape." ~aHl\ fU'ttnt"H __ au. ilmw...
pUOlt&J 'bp.~li)etm ~11d ,au\ 'OU~ .. ~, 1t~U .. __ w4\n .....,._
.. eua.g... bUt wl~ lI,t$ $\leo••• dllt tQ • ~qlex1tr01 _ ~.-W.fl~.~
%J) \hi ~_, •• "tIUlJrSlua •.u.... CIfPt M .~
of the slag and matal ol)taJ.n.ed. Shtpl1t1cat1ons Bl"G adapted ranoh 0.8
tho st.udy of onl¥ two pmSGB. e\.-f;. alas-gus ... sag-metal. !l;vell here
con;>l1caUonB arise as tho stu.dy' <lr clWlUcal roacUons 0.\ etee~ldng
temp-oro.ture& is rathEir d1ttloul:t. furtho;'IilGr., molten mu~ fl.lld trOll
and. Gtoe~ ld.ng sla,t8 have acorros1ve llOt.ioB 011tbeoon.ino~8 t.md no
refractory Ms Qoen toun<i ,,,blob lu oottpl,1te:l¥ 3I"eslGtan\ to tb1.s Ii.ttack.
Alumina, silles._ drcOllla_ boryJ.l.1a. ~or1a and_ansela .~~U ettael«t4
to 11 granter·.. lesa d.egree, wb11e noble _'ta.l.a.j "bleb oo.n be used tw
ro:eults obtained £)romsuch stud1_ er. c~U.cntod ., tbe ... ideal
behaviour of raoot of' thD, oon:,0l19nts til sol"U_.
The ~ols Of tho .ga.tI, phao. ill trOll and I"elmatd.ni. rau' ..
M.8 up \0 t-M present be.l1$OlIlO~t Mgleot.oii, bU\ ~ inwe,,' loo
nW bOlq shOwn, no dGUbt d_ to ~. Sa_oduefiiOft ., ~, Md ... ~ti"
procctaaes, f)t .-4lJIa14ng tI~ .... W tt.otl .. Wl'tfWI~ • DtV
~4h ~ gaB. ··p_s .. 1$ Of' peat.siBnUlcU1Qe in OJ>onb~th
atoel.mak1n#J, ~ the tI1Od.n 'tQl.nq ls 'et Wld ou. ~ ttil'rtd_ •
.J)iIpotlftWj cm 'he aulpllwr ecm"ten' of 1mta luel oU.. llppr:4o~b1e
quantlUesot $Ulp~ ~ ~""QJl ,. pa p" to \It4: !\m-Off .~
,It M$ b~!~tetabli41»d'_a' tbe aon\ ~ .. ..,. \imIt '~ pick-up .,
e,ulJ- lnet1.n ~ .. ~ *ll:. ~trIg -.1t, dOWliVhPll tb.e .. W .la $ti
,«Umt~'non_otw1~ • pa , ... lUld •• .-ctt«letted tv a ~. ~"., .
Dist,,1nct advant.aps Qf ua.1ng gaeOfl in labaratQry ex.per1menW
vork at"e cloae con\rol Qf composition, and milt'. 1qlOl"taJat tbe roasc.m.abl.o
o.ssu:r~tion tthat the in.dividual corrt>0Tl4n\1J of the gaG plslse b&1\u1VG
1deall¥ at steelmaking 'omp8ratlttoa. Tba t.h.....mQdynamlcpropel"tles
ot gtlBGa and tb.eu· gaGeOl1B oanpound8ue also t'onuonabl¥ well
establiMed u.t theae temparaturGO.
fAG preeent1nvecJt1pt1on waG eQn.'C~ed mtJ.:nlJ v1th non~
,
.q,uUlbrbul condlt1<mfl, Md tt _e p1"~ed to atudV tno l\eQrpt1<m
of sulphur by mo:~tln~e 1t'vn, il1tlQ ovbctn l).?on, tU1d aon<bdd.
slap bold 1n . 19na$S.a QJruclbl4Ulb'oi:l a nt,\Vogft a~l_CI centalnitts
oulp~ dloa1de. As, \llB. ptl.bli&hoa l11;Gr.tw. _ .~All_U.
,of aUlpba- bEt'W~tln tRl.\on ~Gn and. !Jr__ Ad ,ttil10n.Blap \Q t~ 1,0 1M
,,~ eCa11ty~ tl Gtudr ~. 1IW1tt, OZ Wa ~brtl_ a·.15~ .. 18$~,.
A ..... I~br1Wa IJtttltit vaaalao~a.f filW '.m.t ,"q'rtem '
~t) iY." hton Q1d,d. ... siUea ~Ib cmd bl_~g."\ ,parum_Wn;
sulpnwr <llO:ddt..

f"U~tm.t'O' perta~ _ ~' mWSu.t¥l"Qft8 on a
lA- ~ fiG voll QfJ IXlA Wli'U ...nlQ; I" -.e.u.n~ ~~.
As t. M 10 po&aaw. It, la FdpOD~ to tl~ 'oW¥ with bbQarft~
,~'" "'~ ancl \be pW3l1uhed Pf'Poll'8vUl bQ~,&ftl~d1ftded .ala.
GQ (Jl'~b ... , ...
1. tlu· ,tnltlnVl, _ptlQl1$*
a. QRg....tnnelft~U.\I.on8.
S.I$k ....lfift,n,l :&lve \1gaU,tmI.
,twOi$ ~. ou "".vl!t1~ •• of C#CMJ'fU' tltmlblo tli,
'WQr'.1" Mv.Cl\ftW .1' mV«l.,UgatiWi8 $llslnU.,.r >~ -~,
•.qaU.l.la .\. *' ono 'tlfle. li~' uU, _ \M 1. ,,'''1,,''01.
l"etm~ ~ 1n tdds, ...~lCN '._ ~ ~l·i.t4OU' Q,S_,Blall '~M
Glef\Wc£.&" lin\ha iitltta ooMi'iorla',"._a\t"u \f~'" Dr . U~
to l.tOO.~" *_e1l o<Wtru •• b ~ .. fUld "'~~~ ~,~,.'
.,.
Whl_1., ,Md ~'.'. ~iDe4 '~Mutlitct or l', ~
":, ',' ;. it ... ,i.._ 11Ft.-t'!> .. h...........:t,. Ii\_"..t~'" _-_ 4<"",: ~,'I',tii ..... _;-1"''''.- II'
". .,.~ _ aq .UtI .-.r" .,.. ~J~" .....• ",,"'1't'l' .~- r-"'- ~ .~~n~~~•..,
!'UW.IiM"'~ .~~ _I'.1t ,I.lMt" ~,_wa .... .- .• ~_~,~bt."." .~ ..
·It ~ 'I·~~UUII..'
•Vh~·I 1R wl,u 1ft ",}luUQA1n 1r_..~ur. and llloobGt
.~e4 a lino6#'t'.l~ltl.on#ld.p t»mctn ~. sulv'- u.'en:ii of •
~W and ~ rt,\\lOJ .'?&..' '. . • fbf1lr nmlk.\lblok COft~od UII\ang,ot
»1t;5
aulpJawr content-n ftl'0ltt 0 "',9« j ,. .,.n\ uulp,'-' t did llfft)· "".eh
.qtU.UWr1ta RD 'MU OJlUu1b1a~o t.Jr. 1Jlct~blo of r4a;t(t\lltlacdlBftl<mi
at . cm .. ~, I'eac"ntt aubat.&wQ$ r•. ~ ..~ .,i""ltIiuutu ..
·".lr IUldBll3(#~ & 8n'_ted equlliliW1i\JAcu~ I. .
( ','
'\lt~· . . .,
filii ~ ,~ 'lw\ Qt Cba,p.nl a.ncl tea ·14wMobtalno4. wl'Wli Of
O-Q049S t. \t.w.~.,\ o$U;tAft:' u, ~. Oblpmnn tUl4 t'~~
..
. 'd -Id' .~~d.at1n4 .171UA a,ttlB.iblQS f.nl\4.1.:W, ba, hu4' ...
Qf>Qaliiable pWk Ul) .,tun.,_. "'.~'~Q.. ',~•• pl.laa••
1'M, It, . 0M4 '}wile btwi.f1: ~lblun ·WIdiuac:tJOt14 ~, 4U ....
be '.ueQ..... Vlllttc Wld ¥1'of tt,uv.' _I ut.tl'bQt .. (tu, ,po tAl, Ultl ,.'
. ~aJ.k ~J.l4o: '" tbe lA"..o3'., b.l\Qamt .k.~ It:\ __
: '. b ot '11 .. lau, .~ .. "'.,lMnld 'M .---IJ..ilqwJ'J ~,
ca.::tt: itiO "l.'m'n~.!(J _Iml d ,rut.'. tV .... oI ... U J"$.~~.':. "
• <:y4~
C~lt on~lV in; tM~, ,__ tit Ii. "'»*41 bfl4:.t la ptf..,:~~._~~'j tM~'~.··ol~. "ft*,~~ '.'1i.
~ .;10 '~'fl
.,.... , Of o.~i '. l_~.WMoJl ~~" ... ,.,'$ ~t.·.
~- ,
.~'t#1na UO.mltwlt UM tJJ~'t.Gt Oh1PI'lll·lllfmd fa; lA. ~tf·13duo· to..
,blS aWeon p1(}lt:....up. tict1r~and WWio.r»~~tct ~\, ..
~~\S~ "- elltQQn OOll on\ or 'laD klimt• 'IW lm.iLplur n.QJr~ __
t.lW ~w. ~. 1~ 1.drOglJnI~.B $Ul.pi~ at~_~ dOfWonJt ••
AB~I Cl etau:dtlr'dp~'t i\n "bios "• .,,"1 om;·1iDll,M•• pu
een\ ~ulptw 'hu~ Ob~J!d u. .,ll.ue> ot t> (mit ft' w.:u~~,. \bit
~ldllblrt_ 00f1tS~'.; Wwn ,~, I)tt~"., ·a:U.ilc.'_ Ibfl ij,C,l.VS,.
~l.ittil1) Ott INl.pl __' tnual,- "OD It~_lkOlJ lnW QC>tlJll4eAU.
&1tl b Jr.$ll~ ut tildt4 M{i .U¥ •• teelM ft... ~bgJf'. tdwk
t1I' .... w oonl'tWl' I:e ~.n .Ntt.t.l' belL_ t;bn."" ~,WId; Itl14 ..
.'t
, 1t't.-l1Itmtt~t ~le titvl U~. ",,~~~ GI\ •
pro~.'J __ . widell u" :eM'.• \Wa".. or ,*".:t'wt8
~*' :"))"' ~~fJtltu tW1:P~ BeUvtflr Q. :t&tU**C.> t~ .., . . . .,' , .
ant aa~. ·1otmtt\iJi·\ ~_ .~da j~ •. _, ."eA_ ."., •
~.i· (In fl_l~'.,.(tJ~" '~u). * ft~""'__ .ttI... '._
- ._;" ~ " /.) 'I: ~ c , .,
auJt. '.: '.lI" ·,'A.ii. ilIft.....,.........: ,000Jl ... ~ .. ~, .• r:- __ -"ft.", JI'O/iI)' ._ •• ;11.• 'l1li et __:cl> t ~ ,,~,.~. It ~l\U!f _ .... " - -,~ ... ~ PloNiJIII_ !'!II"'"
,>' .,~~. ,t'f"f•.w,··'Q~'<d4. b'o • ..,itIft ·14••• ·.··,... ~ ~.~ .....
.~ ~~'I~ 1.~ldA··~", In .. '
mu~Otlf1(l~l tv. :JiJc. iron a_ ib '\fU, shO\m \hn' 4' low oQM.nQrjt~!",
_eh nt.om1o pal" een' Qt" (} OOll 111t':r~ (1 thQ Htivitq uuttlf1.tta$
Gt fl'Ulphmt __ d.lt p. cmlltm"ab 1$ in i~ a~"~' wttdl __
"lJa ,84 1Mroo-e •. Qj' a!x ~. sown p. cell'_
2,(1;
, SiOOCiupllInn ltwd'iflflttJd 1M ·efhfYl
'bI
cmeOltvn,UQf. ~ 'I. tcqr P .;an* .. '_»1 na' _ ... a .~
QOIWt)nn"\ ." lifmplllcOAl _fa- tpGltktAcm '" .-0 mlli,latr ~ tl \1fu.
value t«l1 ~ ~~mt. :tile lntiL""Wlvd~"~"'«*" __ ,
usa4 R ~ ~'-~d .:ttl... lI~tln •• b ~_ Qutl8on~._
\mfI r~ tv "mr~ast_ un'lVl" of maplE fa \1. _1'.. ''M•
. lmm n1sQe~ ttl_Il' 'i'uJ1br ,.k .,Its .. '- ~<*l At__ O••
•WlMl ,ha J:'ffAl1 01 ~~ ~ WUlI.tl*' ,.,~ ~IlW
~. ut Of ulIl .. M'Id n_l",,' M • u_~~,.,tAM .,~.;m4;~ 9t
(10"'-'''. - .... ~ .. "',.... '., "'.....M•...'~m:r"'" _It, .4" ttl 'llU~t.__ uwl:.~ atid ifU~,
~ .. 'lit) ",4\."'.' aWtttll•. ,,- ...U._' of ~p_. I' ~ &,...
'.' "'t). ".
oorwlu .• ~t_u)., lSl."'.Md .... tbR'~·_11i~
., O~ aM In lA •• 4ft -r- '._*ftIll 4UIUflA.'.., ~.
.. :1'15 t~ \ta, _l. J_f,~ ..~t4 ~ ,a"'''''., .:cattl-d.q .
mMP 1ft ... _ ~~. - ,
t.~ ~ ~~J;;' .... 'lfthi _. ..... ~.::',,"
..
~ ••• n\O ,Wl4',da. gf' __ r, , •• 'Iid Id MntM....
......., - ". ., < '. ~ '.' ,' •• -, ~""""~1"l""_' .,
~~_f,~',l~ .w,••,~d4 __ .. -k'
- ..
aO"V'1\1 cooi't1c1unt ·of mU~ 1Ji flUlt\Onk_~"<lYllS
o a~ '_ao Ql~.. 'll)_. datil" .. uopputr UflIW:\k1l11 boa...
hs wmtkof ~a' and ~« 1\ \fQM t~ tdlt..,phGa~ ....
~, "moon 3;nd .. ~ iMrmme4 lw Q~ri.ot ~,
pim-p~ .vlq tbcJ: UIl$\cetf.fW\,and cQ'" ,be 'lOu*, wt41.
fIOPPfJ.r"~)aB.fI and ~I$ Wlur_lIm1bt u",':lvlV' Qt·lNlplW_
C 'J ·.VJ.r.18 t.be leeut, etle¢ Imd~Jl_ ,. . It All 1lJlti.
•~hto ~. _a:-IU.I-.4 'n; w~"h' p_C19I't~:GD. <t'_.,~lOd_
O.'~fd.nane".'. c_'~,1ontG ,,. 'ft~'~ .t ... w._ OWl
(f~etl' •• d~lop4d .b \1* pt.J*l*,,1I :It\ ... GhQllm'b,~,la ..
~" ... ~ q$ ~ .•et1:'i_·~tt(!'etl', tmn ~.·d
.QL' -14s: t •" s
.• "4ls •
Pc.
f~II ~¥t ••• 'ffieluaft Qf m~ ib t_ ~,~.~ ~ .lU,,_
cllu e ae' cm'btl au ,vuq '*J.ft'1.alon of
aqu,t:vlllftnt ~'of :As add ( tiC
."lit, ooettlo1cm..,
c tIled ft.(~'of
A ...
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~n.¢. 'fft .CJolu
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.. l'!'..1.IJ8.d!U',In, .1\4~. ~
~ h1gb ", ·tlo~
_ 'lIing h. V~'
u" '"ft1rlllm·tloD .,'.<Pf.U!' '4.U.a "
liS t.#Ql"ko",Uil'lJtium u4Uld not be a'ta:1i1S4 dUQ \.' tAil.twfl or
tMetmclbl«Uh ~he 2I'{)sultp 1ndloa~, 'kf' the t1Ml aulpbu.r '.co tent was ~?P~ n&l. ~() '" JOn".., /1". botil a..._. Q~, al
tmd IIS.Bcllot oug ted tGllOldJl.i ~(!acUon - 44lQCUn t.
orp, 1_ ulphwl'_ pnqat
• (l1q) .. ,
,-- JJl'
,.
_or·,'bie- .. be
•Tn J.4. , _. ".. '.'
, mktwr" of • ~1.__ s· '0" 'M~!nq. M fNlp_ ,tck-oqp
,. ~lti'rlthou.ld .~cnatft\ l,~·i·_'. fr_ ~'IG.'
..hA.1Jc t~ 1t:ftowt1l to ~JI !ne ,"r. C~ end tl 1.4 l~.
'.,.4 " .'_'_,I'Qa.$, ~
~tAt1 .~l t4 J' U"~,"., tho
,
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1
1,
,
4*,~ ,-. _"]1
I ,_ (llq.) .. O! ! (:) •...
..~ "'Mel 01 _ Ufa·. a..GOO .. owt..atl. I .
•'._. c_.... &1'. bi .lifAftS pOlA'h a-f)' • U t '~
lUkf.' ~_41~ "' ..... , 1;LW. __ be..w
1M . '_ . bItd ~, ,.,~. ~ .. -.-.~ '. " W
~1) ..... , vtf, ~ eldtl.
4-er_ ~nd ~ ,t lIbo .tud15 '. ,,,tlUi ;'*.. n
olttm ~tm m .gaa rdKtul'.m. A. n•• unti 3,. ,,;u,tad 1., ~
W) rlS.\1cmfJi'dp bo't;\/Oon GUlpIJJr c_ n\' the· tal,. t.bI
ra.l,,· .I~ ',./pOa.· Ustn blduo"OA .,hlt ..• ~ut~
Q.. 1t~b1tt -..u.. ~ Jtlt_"hlun.· .'a~ lq4 ,., lbIt
ft)j!lftj""Wit:\UO. ~ all ~. '''''1''tu-b pht. ._, ho, h Itt_ :»01
tlfIfil'~.Y,.UP... »l4oatd..-ri.uB pbtl .0 al...,~~, .,. ~:tp. 1f1
_. '_,10 •.• _ .' .... ,l-_ •..,'k ...... ~.i1i"t. ltvn-' "8 ~tM'tI1II_"4e.~ 041 lOP' ~~A_' .._... -rl7+" . <iJi;-y. ....'
,."''t,. b 0$11:1 Q Wi•. ,pu. ,,~,
l'~ tbIJ ... nul'
~ tatt "tlb.lek ",'1Ja' eft ·ea·
, , 1It4~b.~ .. In
,.~.-"'
~" ".•
.• ,....-~. ~ .. _ '''1,,-.-
:',. " u.·'ok~lO
le .. Is. • Id
~
,uUOt$d '" A~",_ ·1It t- _14U"1l'1okplitWll "1 $tturrn.\loa Vd
"_beL
InM (Qq)__ n. tbtl ff,WUnfJ _~W 0<$""" ...
~ ~ tbn, ~.~p~lng to .. ~tmu., .. _ ·0ll1ld1"_ •
eU1plmr cClll~n' '.11, bU' id 110t ,oo.d \ha ~~,.~, ~
tM\ .' ' J;lnwol tJUlp_ ~" .. ~la~~ ~, tb~n_ ,.f
a.Gl!'p\l~ J' WI augS.~, ., ,~ 'WflI be'(1DAQ' no .~
thdek4 tw W. '"'tlIf. Of tt\~ ". ~.tM. ...... p.~.
_oep, lA•• la,. Jl~ .~ll ,.Ut .kl,' Ift_ '~I\\fa •• ~
~bl" ~ ,,-dd:"., _, fAr.. _ r~ -- .. ~, 01'
"'<1..11_, ...... _, .-\1'"ft",," :I....lii __ .,i,l;,,,"."'" hi. ,..""'''''.. t&ft'...•. ,,",lli>~n~ ~.'~,,,",,," .1;1l1..
.~ ~ ~_, .. "M;~ '.' ~~ ......,.... Will; .",. .. ",~'.J< """'- ~ ~
_.~ •• , A~ ~ .'l_-- ·01" ,ledt ... :at.~ t. bt··
Wlf$lt:,w4 .. ..,. ,. .~' f," .. .,_, •• ,6_ -- •• ' ~W... '
f~· -,
tlla" ~_,a Jll.,... ' ., .,~a}t1ct \.' ··~,.l~ ."'.'*11," ', ,"" >r:,' " ',,:,'_'
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'1be i" ,cUon (d solid lrQD w1th tmlpbur ~. O$n~"l""'1l~.
,an tudlod by 'r~tl I¥i }, • at; ll!O~. Wi.
t 'tbQ F8GtmCG lrul~ dA.c:-.1do 1ft ~btl lt~e8 a_lO«q',t_Nt
, itmr aoed mto of, fllJ.ng, 'Illb thG ,t:~lcnet 3 11 '114
"~FIJ' ouwoUc td."t_•• tilh10h ,~, pen.' tq ~ 1$"1 •
lQWruryf$tI1lJJ.ua~. no BW; lUr WU8t)1ull3(l ~VlWl tbft
iMr ' con od... ~ 4- p_ Ol'"t <1ft lit!
Aa, "a_ #on UOb 11l.,lu,.. BUlJa11lb" hQm _»1 J'.~lntJ aA4
..tun, ,=. a bene. 11 tb9 oW fl. awl $le a•• <UUJjIf~JalW
.,..., '"":-' ", W,*l·',,..., ~'n JIi'Wi .~,
,-~
UiMO!l£4 ~gll
" , e~lv. 1~. '
.mrl~i*A1'Adq ,.DOtAW
md. ,lila
f·:un \jUiOl!J'j~¥Q 'to
.., ta3. 4B ,_.
,$ tt~' , ",t... aol',W, .~, ......
_ ;."""., V"j~' ¥I ,.,
ill 'I~cll"~.~..fbi' fJ1 0' 0 lIUf;uanat 1,', ' 1#.~' ~4 .__ ~ ~ ,0' ,
4••• a., ~MI' -,ctISn. '
,MIt) • NO'... , ' 0-10 •• .,
&luo be used in slAg"P$ 1l1·1Ht1.ptionts wt.. ,;hU. 1mt~~_,
n:rG ~tls1 wand ntlt eq QVon& tI.~ b1ab .1"1rv,1IUt"fJO.
Tho ~Wl.C.' ttl tbn turl1f:\QQ a~baare iA ~ WAGt
1.'WrOOt!Q I.u au"'tlcm:lt to aN.,_ lalt 1n be open ~tAt ~G. *'
a_oapMro abOVe ~ba·ba~ let (Wi\11)nJ,.. Aee ~ ~llJ tti~iIf.w.n-and W!t.baro _amillcw Of ool~ ftfum alAs ~ iPd is' ne~ilM.1d
tv a UiJutlltaaWCill$k'tlool. fit _3(iJ~ br.. PG 1i() .s- iAtlillAl""
~~. of nnl,nur bfOOl l3l$.1 _ i3lA1 l,., ce~d 'if" Go
e1n1ll~ ~:utf. ot ~f:tm fIr- ~, ~ w,'tt\l.. ,.._
de .~ V~ ... of 3UlplJal" .b?'om $ ,1 ~ ~lJl '~1i1~'" "'~
'"" tal ~lbl41JttfJP~n1lt Q'lU'a, ~ t,ht;! 'f~J a_11I"
.,
WM·f. ,.t "1." ~ .. W t.~_3.,botb u:~.n_tlpt1 lnI vu, 1
; aleg. CI1CDmll~ <4C~e.t.. cot' ,"' .. &m.lp_ .l~ '~
tlf. '...,~",,_ "•• , ,;...., ··Idflo. ~ ~ ~,'.lI.tt \»\4. lct.~~"t& oOl4l;~_ 1
j
~. h1a' bM1u-lrwbiGh In~n ~,. - (;la, .~ '.: ' j
j
; f4D•. fIl,~ ,~l» . ~ tit ,~~ tJr,(,' •• M Ila.'
, '. , jJ',.. • .$ltt... '*',__.,.'.-. ~ .... pttmm
as ouap_ d&__ .~~_ f~-S'qun~ ,. tt"*~','",,.0t-1_ ~......~....ti:01 ...1;.>·.... .;J:Il.~ ...._ ,,,,,fitj, .,.,,, "i'._ ......t ,.".ftI..a""..... .
,fjt~J. "-JI~- l~"'''' _~u. ...... ~qpt:t
so. .. HO • (CA.,). (Wi '* .q,~ .J,'.~'.. (.0).. (,Ofl#) \f. I(M)
~' •• lQ". .~t~,_,~,,"
lslSti • ~ 1.\"'1l~.•• W ,ptQ" Up
ne
. FinGl afte JtJ.C~tL"Oll ,U~ thft'tnJll.p_ Q
preHnt 1n B~ QIl oulphWt fWd 81lipl \$•• ~u';mlitt4 'm
P+ (0) .. ,.
tiIB .~"1a Opoi"n~ d1ttlal~WfJ'" btl, 'll4~(fe .~._. '. 4
. " u.n•• , _~ pl".~aW1".leu \ha_ 10" .. 10 B"''_,' '~i~
wb.Uo J\O ~batd.~"1u1I1IUl ""~l\'''''.m ~_.....
'&Ii!!- t._ ',1'1."" ' ,\"" t...... . t~_~.•,"',~',._"'" ~t...~ li'.I.~'.'''''.. ;/;>.a k,_."'Si. , ,.. _1;,. ~. ,UI_." .. 4Wa'~'NWIt" ""~!I. '__, ~""\j!. U'W,fjIM
ataph1de, and ~,baW 'Wire: th«J,ll'll\ to ... P#Qu." "bill ~t ... _
, .. • .'.~, _.1'} '. iii._~C$f1.lW " a_Ii lOa~,b4Jre8 ~ .... },.. _ Of .~'~Y!!J;
'btd3Ap. t$l~h velteMW in pla,,1t_uup., ...
"Ul, '.~. Ult .. ~ft, tile ~ei"
a. " .kboldlNil~lat.. ~._tdU"'_.u"""'_111_" •.
Cl .. !~ _.·~tII"~~.~;
,ell ttl _IO~.m. AD ~.·Ial ... ~ •• \. '.tIt .,
" ",:" ',_, - ~-.. _' ",'
,.. ~'.'~~_ rmlpw," lQ.U~•• **'·
1n
vitb biD tntJ·Ql"91D1fillll.
C ldornU 1 of til equUi . CtINt .
ldwq fit\d tul~fIll1'Y l}yntMt1c sl.tt.g.tJ tt•• oalcul.1 t$i, rttlklt\g :($1:&0
tUHNlllptiQl\tJ t.iltl ttho ~sen aet1V'1. Qt' 'U. elafJ •• ~t.lnad oun3~U'
despl'" G.ddition~ct &mctll~'e Of eulp .... t~ tba, the mllplalu'1»
Q~'Urit1. p~"Uo,_l to,llt) p_ calt' • ~!ltd,'lat 01' oulpl...
in too slafl• ..
Wld:tu st.ud1dd thG chte 1UJ)-1\!<m ut t~te ~1. ttl'.
o;q'aen rutd thG l.()t~ ~t~$ (j£ btcm 11-. lOOO°t,o 16000C ~
Q'Jqi'g.n~B~w."OI ,0£ :.l .,. \a YO ca. of ~,JtQtWl'. ~ eft"' fit
ocldl\1QnS ~f ~, 'lntl sllioo upon. ,bAnt"ua.'_ WI ,list) .~
~B~ ~~w1ct<t in a. p:ln'it_*,olo14 ~ __ .. fit M
ftMlrt10Dl -lml~••,W~!;..V .~ w&!fhi!: (IQftU'" ,_ ~',1_
'_Q,a ,.Q + t,_,
Gb~. ~ pr._~G_ '''1''IJUtl! "" ,.,..,. ~ • .,~
~. - ~~w. Af)l~ •• lIN$tttJ_ 011:.' • .w•• 'llpltl ~
,'.., •• U.n ") .t~
ll1vo1~ a~' 'WM,-.,:1pi'ae-7 (~!r.~U_ lWOce~ IlMAh .,
lead to.ft' _.
, II " 1
~ f~ UUr.". In a q _~u;l tnme\lp"ms 4:....
I ,tr. &:qu4~t. PJ!'Vtmi1 •• ·or liI9..- .. ~ Id -,it41 ___
tn R plntini.lm ct'\1cihl.a hold a\ Po. OCiu'6tp..n~ torap~HN1.t.liJ1'~. An.
tlquWbr1ur& \1M ll'eaohed tho BlagS fi oiled Iud W~Gtht t.
tm.'l"~UJ nntl tet"l"ic !3i'uu. fbu.s ~at l'alAt!OMu:1p oo~w,tJn pn",Ual
pl"a"Jtrtn-.,of o:qrgen and, oo~~l ' '311 of 11qtd.d ,.de o;.~$~44 u
1'- ,
~ Qtm~6tlo.rl ra"o Qf o:qgon • 1r~'''1l f .. 4BCab:lJ.emcl.
-- n mlQGw."l7t I) l'Bcul B dC)no 8,,,,4;. 'V1W1 \(qU rib ~J.Qt
Witt" lJ), ,he pul'$ 4r®~I«1 qu~em. ...
la, ~fl}ll~llUtm~ pn '~ aM ~ktm tIIldcJ B 1••
\hO'NU~ !.mro:s\lfP\.icm or ,he ~ta e.tI ad4l'l~ ,til .l'1PJKta~'
o.d fllid ~ Qt\ 'Ii ~Gd. im), of ~ ,.... 0 _1•• , A If'll
P# WJ»!'~~tJu 000" m~,_ ••
'1. ,ltJrtoup 'ttl &tt.Q~ ~:d fJtlld1ed~! ~ ~.~
" .. , '".,., 'bet,.. _'$ ,·rud ~l' and Ow.'1!V ...... fl4lt'tn)~ tllltn04 •
. J!< '~t.o .Qd' ' ... ~\a4 la tm aWt#Wt'hd.,.: , eA'" • "~lS
J~Q', 'ihlnb~, 44 1111-1" 4e~.
l.~. 1W11~lI~). ~. At .U, .
t$,.lQ r.w. *'U.,( tt.a 414 "1)j ~ t'flwtc Qd.4. '" nUt.
(ltlJ *,,4 al_ ·iW.qck H&.Q. 'Mh~tuulv e. ,mii~;'8 r.,d.: ~~~_, ,' , ' .. , , ...•,._ '.', ~. . d
~ ..';~ .tb,. ~"or n_ktmw ,n..._ *i~~ ,11- ~"","'" ~,J...,i",.l. ,'; ,
--Iii'" . , . ... UJ.lii&'ftllliQ."lQ,.. ,~~ uta"",#: '
, ._ ~.tJtil" ,_' ,_~ __ ,,. u..,aut. "l~ *'
1'loDDJi'j1l' Of "~lfS.ia; , " -..
0.114 . e. .0 .a~u,C<:»C IX' u.~:Um of vm:-:1. . r. ~ ~t 1500tli(}. TIMt
-:10 -.9
range ot ~gQn pres 'UtOS \llJQG. ~ tra·. lO ta·lD a~p~'ee.
GffJrTOUI3 and t4nl10 QjQ..de cGUCtmtira~Qn,$ ~. tu:tPX'I!"sG4 Qff;to"
a 3"'l"f1t1.t) ,t_. I _'" ·If'~"''' +..... A4dl$1QlUi ~otbaa£C _ide·.t
It. *11'.
!laO, C&O,J!gO, and JfnO, ,_ .... t 1 WPGt'_- \M3 ...vatl~J uhUe
add1tiQ ·fit ncWie odde$, I , . flWl S; 'Qa, bt.\f>' toIli.QpPQ$\.totlt'~c'
a' (\ e$n6\Wl't 'P¢"~~ p.~.~7.Q"'#'1.)t. A~ l»ulltU .fle'"
o:d.d. WhO_1· '. au _.ett~.ucl'bl ' • nud i ,~ (~.15 •• t a
__ to t... ~ .~I'''. ww.l.d boeo _~a.;d dtfb ~Q.j
f~ i.r- tCId._ pUM~aW ~!.~ .,ll • n dtiaa Of
.~W'l¥ Ii,_tlB In<d.. '~ diG. ", . , 1, 0',* t)tJ,dd bI
)
\bet kOlt 4dd.... ; ,~_ or ,'tnGW-~titQ ~d9~b.r,l:cm,
... .,) ,.. ~'fIlng v¥ab tin_ U1;dd ~f; '.' ~ •• ~ :.
iUfl~ ... tuuM ,.,. :'.' ,·tAnI c) ~ I) wt4011,'I ~,.I.U7
.. ,Ob" "Jl • ~,,' ,,,,,..aVoq .) l$ ·.~e6•• ttit1'1t'l Qt' ~.
_~W _bie" _, U~ 'At ... ". ,mw,a
U. ~,-.eaio"',*",W, ' ,;:..'•. SI. ~~.fI""
.. J. \1.0. ~'WI.CId. the.a ~,-"'UliJ~'~lA_\., *-.
~. .l:<'
_", h -"b•• --k ~_a", _dj .. ,"'4~tld'•• _vi ~.'
~1'311UJ' ,10.: ,I-IIC\ -~1a*,' .. I.¢... ·.. ~ .... ~
~n l.ba. ~tlhl;y' et the ~ <'4-.'Q.o1(\11 ()I'n(t s,old1c,.n(, IU,.
ei.U.c~~e4 ~bo j..,,6.'10 t.,.\ha ottee' Gt ~_tWl "lq
.GllfJb~ MOS. il'_ the da~ ,. _".oo1tt ftDl. oWe,", ,\ an 'be
calculated p'ph:1call¥ \ba, a. l6iOOO,,..-.(_ ~ottJtl~.~
._ mil ' la( 1. c. lllOl. ptU:' mm. 110, plus 1 w4 pM? eon' .faQ
tit, GIl cQm}.ldQn~ b- lih.1t., U\ tila ert_~ of' u..- and:1U:u..
alAO ~ ~~ fUltS S4WlC_M tu. tho «'Illac,.t lislo" btl, ~.
1 oe.ll.il' a~Q""(tn' wi'Ja 1)..""kentta<l~ le ptft'"4' .b_ Q:ddo
~lt v.1 ,:flU' addl,a... ".~1"':~;d.cru;b1,DtiiW4. tJ-t. of
Jj)arbn md Gut.;;m Atld. tl\tl ...•." ".,. t tof :'a_ 'and. '.". .... . ,.,. ...... +.....
re; +,.
'hlp' le GlV'fln '. j' • '"'<it- *1)·"
Nt
,_.il~ and Cl1i~ U~ 'b. dnltl ., ...... a114
tt.~ ~ ,..1 pJl'lt!~. '" q. kt_, aftd ~ _. 'GO
~:\\,-~..-_.in '.... -~U.'.t•• 1.Unet boa · la•• , U~.
, ~ "'~1)'~.• '.8_,.'~ t;o -_ " .ttllit .. tiM.'
"'0, ,011.~ tit d~a,_o til",' ~l_ mM1).mt ,. " _"tit ,., .
as .....cf., ... bG·.YI~ , ..h·"", 4ac ...... t..,.. ..... , .... " .... ,.... ,:_ .' _'*'....j.idti:*~ ........'..•
~ ~. . ~.\II",r ~ ..". V._ :I~, ~~ _~ M-~~~;QI~~""
", . "~. c
_'Itlft fl. " . A'U.~* .lW~" ~t tlb.. 4AU. of _ " ~..
t.. __
.. .". It ...,,,,,,~, 1_ i:<A ,.. ;«..1, fL..... ~. *......' A..._. 'lI,_." ."'" ~'~ ~"""''*!~.'ii<' .... ~'1.L,..
U/ii' ~JV.,,_~. tN ~ .~ ~"; ·~t~ ~'''' ,,~, '~M' ~ .~.tW' .~ •• ~
ndd1tign of CaO. 51t\t, sal J vithadditions of
cOtltaWni COo.r.1 'Qa. 1\ Wts t~i that
tJ· Un8 wlth on eO .. 1% Q~ per ta.nt Oa alai, <*l 1~ no'
_et' ' ,.s. tb.tG to be ~C)Wd UG t.btf W\Iotl.l. .,
~t\n"'W' of tblB ts1aI .. lAw. 0n40 thtJ '""",,,"0 et "
n 'cltf1W.WiuatdUl oulp'" 41cXdt", : n~lll)lWr',
u_,,_ 01 lJ;ae ttW!2.ron ,_" ~.fl adlah\"QIJ,._'
or ' ,,~ OOBWtt '• ..u.e toln.$ tlW ~t.
C~ " 8U u,. ;' IDtt.V" o_ltlol,.'- at • 'm4IbWe,
to 1)0 Wop '11 '.'at flt04!l.DtJItO '.' " '1ft UuIt ..bon
II. ',. C ' tAtl' ... ' :'
, ., 'p ,U. Q.n.' boo __ ... Jf: In
4taulp 'lUna ~, ;tu ~- alana, uhD " ~, 'I, ~d.
:rtk ..' .. ': ' fabq~\l.'.,of" ,oat ,,,, U.
dUo to "~', .,$t . .., ,. J1t• ...,. '*' .
."n~,1I!"J_,~td ' ;' ~ _~1IP c ",'".
.... lLLA.U·· Q, pl~ ~ JI~~C,$.p1 t ~ P' '11) l.
" ." ., ..
... :.1 .... '11_ .. .., ,......·;bill ......-:-_ A-a e.J._, \... ..., ' 1I~"t'",'" .t;lIi_
.... ~' Iii ..(110'" .~~ ~ MMIOQl"'~' ,,~~
to lHQ ' . , ., ,1Jr ~ ;,:,'.uap ..ap
, \
,psia we $l1i to <iou_lbu;~ \0 ~lte ~4. lan_noe~~~ bu'
not ~ tl\$ d,truJ,p})Jr1.lng POll" ", • 81ft,.a.
llovlq nneiRf.c~.taJJ,ada .a.u.o. of Aa: #41 -151-.. 31
te tho f .' \ton MSC> frort S. .tmd. C\t. using tho .~brturl
"'won tlcl en ealo1.wl . 11icn." aM sq.,~," gns~. Na
dUagt ·04 v1tb .~ va1utJ ·fIt .... , kcAl .ve. IV ·,-.Pi1Ul'T'tt' Md
.ft £1
Cblp " f tho diset"aptUlG1 bOaa 4\tr1~ed t& .1ftbo. IP-'-
c~tq.1' . B~B ' . .. ...._ .Q CO tJIm tfora t. a4 Qa... '
!tOG.tl~' nNt ~tO, ~4 \be ~184'., Oft _tw_
tnt;lp .. tU.o.Jddf. $u1JJ>u , I ~,aoo irun dUlfld. '.'. ' ".\MaC.
IUonlm b ' sUd. ..\4to a' ~" ~ • ~ nal
·~l"btAm\allf'. ItW# t~ ~" ,ha ..."SaS.ita a'Ulp'-
c. ' .- VfIq leN at ,,- ,ne '~&_4lh
r '.ft84~_1M .'*i,bOlt malpbSd6 $M t.I'.~.So , •
•t
da ~'tlWe .. , ,~_ 110 lIOOQ(l _. ,'4lt4@'j f_UslIll¥i ~\,.. '
... ·1.,f!le:11lAl~ _. I"t__ lbA:, tCUl'tllc .td. ~~ Wi.·
t~ JM2.phidl SA .' ~'.,,"'_ _,,*,plMrH \0 ,':. ~*~od.t1.
~b$' ti.w... 1!~H4"'. ~l\etc1 ., ~~ 1ln4vq. ~U' I
.,800 ..' ~" t...... ~ p~ ..... W .,..., .',1\ ..=e~b'mledpld __ .. \i.QI bI__ ' ud U~ ... r_
, ...... ~ 1M .'" _ ,,~ .... '~.' .. ~.I#"_,'."
~~ .....
iron .,'.01 l'I9lWlg b1 raJ' bg .,..a.ut mltll~ _WcUR
oarr1ed out; QD $lR '. \ol li'elf,"" !. lJlIi
•Holb:took J~b'_D fmat.g th!J lite. to In_dU..."
'ut .... lAbQa:'-4tor¥ ~ til .1~Uat1 . aul.phUtr M\W Qll ala, m'Id
Itt~it' '~UOft Qt. ~V rDBUl·'. .• 'dltfk~1:t • tbl.
VBfI ntd;w an o~ .~ nQl.' q. JdnQUe .. ~ .... ct4 ....
Itwde'*UGl"am ·1141 ...· atndlnd ..\be d1 . ,1butt._
DUlp . b$ ·.UQGn Il«Jl. ,·enbe flit j 'flI&'lS Ii: i1r- caotl • Gln.fJI1 ritA
"•• cu.ft'14dou' b. 1 ob ~ ~ ., . ~,lb:W" ,.~ •
nov ~l('Uh fbu a.iaMttp' "'. ~a ~'.
I,',,",WIJ lUl4 i' is Pl"~ ~ :b& 1~.~bW.' ,.. lt4dect to , ..
1lI01. n ,le· na b'QIl .\~ .. ealoluta ~1~ ,aM ~ rlw "
t,en , 'Q& ~ qtU.r1lW'1\.w "'* ~gb' '. _'LW btttll *,". ·btA.,
6· aM. ,', ~ _. _tt' lhW Cl j)~ ,~Jdll~l4 ~
" iU_ mkt 1lA.~ pt.." ~ifI!' ID'" ~t.1l'iNIIi' 1
_n.sur.i ,lid ... ·tJDtmIj __ lUi _~ JtIt''' '. .,J$:h_' • tbtII •.
lAY0r',. fm' 8t~~~"clf M '. ..' ~iMt"... i.Jt~
.. ,tOR· ._' t'1.1Id ,.... kOJ) ~. ', ..
log ,,_. 'aip .. O-f14, -,.. l.fI]l
.,.,......~. H......l.,h.· ..... ,' .-, b.,' fl.' <III~, . D- ...... ,. ltllV ..-iIl.'..... .. '. , ._ .......oliIii,laD ._~ ._.. !\of,.."""'" ~ ,'_" ...... ~ .. l ' ,.,....;:.....
'..... Il8G' lV \bQ op~ ... - .. _,au ~ In'..
.... • un t~_ .... 1JMf .• ...: btl M _a.ulbt .......
, : 'M ,,, •• .,. • ..,lU'.~ Of ~ ., _l!Mt.t ..~*
j
I
1
1m: 0 Q1\
in 'bUo, cm vna r ' CId.. i10
mon:AS boom htJ Pit tt" ,oln.a WlY witt ...
could 1. ,
Ol1' "u.,
'~""f .Db 'f!Ulp11tlJo
, tlill «t.. 1y0lJ ino : ltd· \Ibml 14M -,tu -
._"",",_OM '8~ ~,~IIQ
j bit ; ttl- -.' ,J!'G OB Ilt,' __
~,M'OIr!iW 110 none. . lonu 1t
• .(a),
Itil. 1', I, tl!'J
(6)
1
Ca, aoo I u sulpb1' Dt J.il: __ , at .,e"vu UQG1\1A.-oll 'U3 ,he
dtls'l1lpl'Ja-a\ion ~ U .~ ~ (lad b'__ 4_tan._ fit ~
slam ~ kep\ low.
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Stlll)llttl' d1QK1de firom t.llo flOi/ll'lotmi' l):\$Sed. into toM rli:t.at' ru:ld una
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fho I'~~~U~ tta-ruleo (It) ~1g.;. &.c ..,. A 'VlJJ"UcJlll
roolt.fbM.:OO tU}"nnm, _tid \d.\h l' ,,~ ~W.llWl we ~tnl Q


.a:&·ltt" .(,) (11* 1.11" !-14.•..','-.dt).· .. ~
.... " ~ WOlm4 .. ",ltnaUl· ,&1' _. ~ .... (II)
C•• lAmJ."'· .... ) .. ~_, 10. 00Il .~ _'\ItJW '.
"
, , .0 ,', " ',:.'. ..• ,', :'.. *'. ", ,. !
.aa,·•... (a). »- ~ ;b.Ol tJ .~) .•• a.~ ..• ~; ·1
, .', .' ", .~ ." '. '. ..',C'\"",;\",'t'
ttl., -.,'..a J1A~~' a~..... ~(.l.
... ''*' ~~ -vaal. 'n_ ,a. .-_. ,,~, _. __ ..,
t1W.'" ., of .. ~~ ... lWlA. 1.. ,11. " .. tU 'f;'" 1M "PI
aoul (o,) .. "_ '.'"ubIJ • .,. •
.. tWlU_ .- (a.) WI MW.,4,:n· Pt., __M... _
-.U" (9:\),' .hf,l- ... g~t~ "Ill ~_. '. _ ...
••• ~. M ,tLQ.f.~, ..__.~l __ .' .... I,•./{
... ' ., .bm\~ l\d.~ ... __ t1it .'~ . .au.. _ ~',
"/ ,:
_I~W"_GQ}.td __ c:.~~0.11 (,) _ ~ .:~ fl' '_,,;, ..'
(t}"!th.
",\),' ", tftw,
al~' .~ (.); Vhiell ill
vb: ,d ~, tIitlUl~Dea
,1.
J '
"bf.p le.' "Ill, ., \a _
1lll . ;~' blAt
(I ). On. "" Iff
•• Jlft~d IialK .• __ (f) (1-"",o..j~t· l.elt, U-lot ) .d_
!ll .(6).. '~~:"" .•
,.Id ~
. ~1Ml. 11..• ''~_
liiIIA.U. ~Ioa,,", '*,(.~,
oapact., .ut~ vitrb ~&pt. uu' 1t4l-, ••ld '1eWl ..~
$I" 1r04' U A. lon., .. :. U.M lnl~\ '.
td. t\ . t .INlplD'. ' 'low •• at,. ",bI.·
n.. i'~C~ (le). . WtQQkq4 ... ! ~IWIl:LV
w1p 'bJ
(3)" .
~. ~.~lOU" ., .JPW4 _ .•u."''''-",
p. IiJljJ_~.'''.anti .' t_dl .._J\t~t"...... .~ '* ... ,
, ,'''''- ~~
-, .. _.W ,bA. U"'UI:. ~Ulil ~ • .,:. " .. ;-• ._ Ha.
-"- -_,D'.I" .t<t. ~ _., or *...db._.Ii· '.4111,.
" ... _pltQlll '. t " .·dIe.14. ',' .. ~ ",,"~:'(' ,.,. _.,
~
I q' ~,.
I@~,
a... I.' ~r- .. ~··u. "_
n1~ "* .ttbl.f' v~, r~ _ ;al&.'_ pt ........
~ ,. ~a U£ 1•. ',,Pb:f.I._1».11.. .~b.OW fiI~ •
• ~~e ,wmI Maltfa .. .•• • Rll,_' '.'~'.~ •• \
Wl~.'_l(J~a,. 4l,bl,. ". __~fI , .. :..•• ,... ..
"
, ·"en~" ; '.Ina .:" ,
~~, ....... ,. t~ _.~~~f.41:,'-_
.>- ""'10-,- " '
tlSsta.:kJmw.Q&.
Q lf1. (€l,~10, _'. ~ .~",'.,0- •.. MIl,
r. I' u.n'l, Ij· .,. .~ ~ JJl
"
' , ,*. I
."'.,Illtt t..:... ..do" .. _ , '~ 1....~.t.....rif
qJI ,,~ 7!1>tp"t"''''V ~~~"
..
··'·W~."~
~L.1a$!J"_- b 11 "It'HJ... ',i-
, Al~_ tUlft,'U .~, leu ...~ or F•• lnl,..
f• .., ~ •• ,.. _thOdad.tu4.,' ~ .. , ,I(f~~.~.
. ,~. .'~_o.' l~., 7!1w'" t.'~~.~.,Pll ~d l1\1.:flftlctl ... ".
..tu! *'1" ..,,~~' .JiO'O ,,' I•• ,'.;'I ·,"~.t.
lQ~ .. lIe14t_.'. ,.. k~, ~ .~>".ktl"~3~i'!:iJ:' " ' .. , < .~.'" ,'-. >i" _•.. -~, ," '. ," - "'. -," 'c '.,- _.:'-
l·l1"CUt.:., __ , __
, t .........,......." '.••(., ''''_'''''._." ,m.,·.Jt'ltJf. '.I,UA'lill VVif . ..... "'_liI<_ '.....
•....pt., i ,ttl . ;~~*'-i
, ay ~ 1$ G ,bl4 6Q
.4M tv. .,
bOll1••'' rwQj I~:..C ~
.~~, fdH;,e .,_ .. Ii.:_
.~.~ lio.'-lD"'_l.2.,", , itricolti _-"-. M........*". t, ~i _, ". :~' ~ ... ''\;, .. :~: ~:NIf
DmI~rr_', ,_
....vbl
uclbla td:' l ~fin lJ ttJ1' 0: wlphur
~,n"f"'nid ut
vltb
nu
:ur1
1clp
. or on I. CtU;'
~
, i) bQd •
ot
,Ito'~arric oxide
"'ft
A
It ·11
u...., ......c 01 ..
bo •.'0 11..,101\
,
0 ..
1f
..
•
,
nu
, ,
It •
• - ... ,."' .... -... 4fo1~~ .. ,IA"...... -
U.JIIJll"I;o.tl~1I COU 1.
a
, ,
, .
•
•
(I
v;t
no
.. ..
(3
10
t
\t
t f
"
in" lv d •
t c
•
-n...
o

-7~-
'I
I.
n
...0,' GO
-1
...( .)
•...(
..1-
1 t, t.s
p
,
.. 7.:130 "* O·1)
n
10 to
I
t
I
\
I
\
I,
•

OM
pI ..


-78-
1
••
.. ...
J
oha
Cl
1
, .~
1 180·0 .,.' ..
150'0
~,.. ..... ..
" ) , .,- •
1 3· .. '4l
1 l?- •
1~9 "!. llf$ •
(3) '. ( )"
",. 17·'1 ..
lJ;) •
? ..
.. «
"9 • ), 4." " \'1 • .f.
Ga·1 tt ? • •
.. ..
3·1 6·$ • •
117'0 .. "
( • .. (I
P,
~'
1 'I ~6·5 55· " lm5 100 It -005;)
9 tJ'a" II ..
17..8 '1'5 " C:XXYl "0011
5 111'0 •• .. •
(3) - tu (4)
1 137'0 10·' - CJJfI1 .. 100 .1. .. 103(
lu ~O 127·0 113'0 ·'WI II 14 1£
~3·5 180'0 169·0 ·0l~40 ·01541
~4 189·0 188·0 ·0 1\1 ·~tn .
31·:') 138·0 1100 ·Ol()l .01 91-
U (4)
3.1 '~ 131·0 6 ..a .. ~i)l 1 10 ·OJ.:
114·0 101'0 .. U"
Dl 109·0 118·0. ... .. ,'U .. 3"-
.., 162'0 132·0 .. 0340 ·003'l
:! 135'0 138·0, .. 6 ·0036U
Av (~) 31 Avora (5
~o 4"5 '1 t.1 ,. ~7 ·0 fit 1
''- fr .... ' , I 1rl L : , "'DU .f )Ii
un ..
irdll P.sOaa s.
.0 01·0 QQ." .. ~ ,38 l~SO It -01
a3.." 9'/11>'" t 3.7 ..00 9'1 ..
41fj'1~ fI .. 09·0 .,
3.7 n·n Ii .. . -00l.7(; ..
~ 3· 83,. -00 60 .'00'"
vorlae ( ) .' 176 ·0
"'1 r. 113'0 ?':h " ,,~i'\ -t 193 lS.~O f.. .uv..
53· 107·0 1n·~ • 00
9~5 iJU·G 71,·0 -o 176 ·OOl?~
:ta·G ".1 1"'''~ '. l~" • 69
Av ru.t: (~) .. ( )
~5 ~1·'11 "" 70·U ... .. "en 'D 'c- • 00,.u·, "'" 93·'5 .. .. 3
... 1U· .... ·OO"lOa
11: .'15 ... '/4·0 .. .. US
·,00 14 AV1'J: go (1)
~I 69· .. -4 ... ·QO$37 l~ ,~~1.:J ·<nll phi·'
J
5.5> ... 6- .. ·00 'I c
.' 54~
'"" § s0,. • • •
~ '" tiJ(.
f: ~
H
..
B
M r'i M- -..
c -i-., d
$,; • • ~ • • • • • • •
c
'~
i
.;, ,. f • • • • • " • • • • • • • • ..-..
c.
i.,
• • • II • .. '. • • " • • • • • " • • • • ••-C") C")....... -t;'~&
-'It--
o
o
"
o ''IIIIt''
• •
•
•
•
p5 .. la5 ·01..
•..
.., 109·0 .. !!.~
110·0 ..
116'0
131'0
108·5 .Q
( 5)
.4 .O·S 104·0 1 .. '0 ,·03... 9 O· ..
43 ..
~8 ....
p
I
t r
SO
3·0
I
_.sl£.x loa
dot .
9/min.
2·0
1·0
~.... atm.
o.oL-----~0~.0~1----~0~.~0~2~--~0~.0~3~--~0~.0~4~7_~0-.0~S----~0~.~0~6~ __~0~.~0~7__
5·0
.s-oo......e
a
-f,._
o Avcro.Of ot total run .
.!Z Rut) No.
0·02
~~ atm.~
0·03 0·04 0·05 0·06 0·07
Fig.6.EFFECT OF P,~AT ~OOm.Jmin.NITROGEN ON RATE OF CAR80N REMOVAL
,AND SULPHUR ABSORPTION AT 1400oC.
Ulp

5·0
; I
,_I!S.,.X 101
! Idt ,'f g./ mIn.
4·0
I
1
t
f
t
• ° Ga. bubbled every
15 mini.
o 0 Gas palled over tn,lt.
weight'o Si0.0~~+-~~ ~1~'0~ 2_.0~ ~~+- __~ __~
2·0
.
·7~.,...
I I
0·0 1·0
.!.!
.0
ON R.ATE OF CARBON R.EMOVAL AND SULPHUR.
AT I"COoC. NITROGEN FLOW - 200 tnl./min. ~IQiO'Ot atm.
un ,I
4· e
1400C
•• Issooe
2·0
~d~c 2~
. .~ ~.
1-0
weigh' °/0 c.1.0 2'0 3-0 ~'O s-oO·O~--~--~--~~--------~~----------------------------------~~--
Eig.2 EFFEC T OF CARBON CONTENT OF METAL ON RATE OF SULPHUR ABSOR.PTION
PSOz" 0'01atm. NITRO GEN FLOW::::a iOOml./min.
0·02 0·03 0·05 0·06 0'07
BETWEEN OF ME TAL AND t>so OF
(CA~TER. AND TAHI~I) J.-
n ,
eU .~
..
(J.n!
...
t.u
t
ulCl Uu.ncuek
In
f
•
. ~ - R.
•• TURkDOGA,N ~~p HAN~Ct(-'
• 'DARKE NAND _ LARSE N... l."GI NORA.O AND LUNDQUIST.
XTURIiIER'~ i 1:
+ THIS IN\7ESTlG.ATION.
1
AND RITZ.A~
i .', S·O_J
OF
,
ALLOVS AT 1400·C.
nhu
•
~d.1~ '"~ lu,ut U '1oJ. t.Q \ er
BUqM.OO \IOl)
( :.u' or ampla) ,oofs
(bQ,tit or u'lftplA O-)';JOJ"3
pt tl cl ¢:'
\Xlpl_ ilt llQu
t, e O'J:'1. ntel
• UQ
Iud "t
f
nulp pr
1/1: n
(.1 ), of un1t .'
tl
\Jifd..U<"""_ ~IO W);i t1QJ.. on £rOll owmJ. tl3tf,..~ ,..,.
o oW.en tU
"lbu'~ 1c tt'c1on.
All b{)tm:f~erJJlcm"", Uork mm QlJl:1!t~ < ()1 Ln m~ea1a
01 dO t bo
nnl1 Q 1 (nblo VA.
C 'ilIon t:lt.llp} ~, I"moobou
1:n ..
m 111 '.t'nJ1 < V, u1;;l\
• 'II u:-101.
1
n ba~' u11, tdW
ti\lCOll teJ:.rOUG OX1d\t at tnnr 11l mll,lb1'itb $l$\l¥tJia 1n
......""'_ til
. ,ttlpl
m.;lnS.n~
t .1"1" Q ~1tlo "tl
*,18
1hla
tee ':'1, a. c
) .. \lould
b.:WG WI I
, wblob f\ t1ctll . Ut loal
-t
\1)1:1') OCt
,!,,!t M
.~ .
~.:t ~,:
~~ftf
~ .
trulpbw:-.
il\t V ~~nu.r Cl.) 00111,l"4 to
.. :!4I -G v&1 ~ Pf!"" (1 •
. ?u( j
lit
.n . ulpbu:> 1
'rho nattvl. ec; elllpbt. :le t.b.unob't~1nu4no \_QJ ~ ~$[ahI1ftn:'J
. bo nov d1G ,1butl<>n' n avot\ t,er c11~t»1bUt1
01
bJ b1~b ulp
'b: tl 1,. It m.dp e1u().
II pl 'IIt,ed
nl)., Q! .tl1
d
to ab 1ft
OEporitloll\tUlr ,be d1.otr1bl.l1i1tm .c.tfl<:it'm tor: a ptb:'e' l%'on Uta.
1 b J.J ~ ... 1"0 ral) .t) 1cruol 10 ( 0 t 11'
......''',....In. IJ .u
11'1
C)
-e....
11'1
-e
U Vu !::!
00 °00
0 ....
11\ o~ 6 11'1
11\ -£1.0 0- ,- - ...
G 0tiJ 1&1Cl
)(
0
-.e z0
et
Z
1&1
I&J
~
0 ~
d"~ '"co.,
u, et
~ ::> z0 :J: 0~..; ..J et0 ::>e 11\
z~ I&J
0 ~
..J
~ 0z ~
1&1
0 V
0 u, Cl,... lA. Z
III .:(
0v
z
0
~
::>
co
er:~
11\-Q
~
::>
et
cD
..J
::>-1'-' o11\ 11\~o 1&1
~
0L...J 0 0 Q
~
cfI til
8o-
16 Q~ 1
• • .ol
"od 11 d
bb.e2r bt I,n'lf'.:'l~ __
uti 111
,
1
() w
n
1
o
o~ 1'0III
!!!
8 8 El
0
6
0
et
t.J...
.J
"I
I
'"0 0
0
)(
0
0 0
Z
0
0 ex
0 0
0
0- Z
'"'"~
0
~
'"III
«
::)
1:
Q.
.J
j
Cit
0
0 II..
0 0
Cl) Z~ 0
,..... z a:
'O'U '"
'", ·0 c- u z
~
-0 ILl
-0 '"
LL ...
I
u. LL, L&J .J
·0 '0 o--t 0
0
'" 0-
~ U ~
"" It\
0
v..:J E z
0...: 0 Zt. ~ et" c j
" Cl 0
10
C) E r:
l!)
a. 0
a: -e
"0 0
~ .J
:.c.
.....
e .. Cit I/)
" U Cl117' 0... 'V" ..:I C ..
" Cl "
~
~ > ::)e .. c
'"
...... a:
"0 t: .!.. 10
Cl '" ~ .J10 u, ....
0 Ci> I
::)
Q
('1'1
o
N
wU UJ\u Q . n tn
~iont
d18-1bu ·1«) c~tf!t!l
(11 U Wl'" n cl"",.~d Id
Ov.lnit to jplOBJ.n bu""'nr: (l 1
or m.tl Id
at11;nUcm.
tu
.. ruJ. pU.. l1JO.
lGbt bn Ql porQ
111_",,,,,,,_ n. c.
£PI 10. 01\ b.. d1n
tt Q of
ot Q'
ou1n on an "'".....,_ ul
SoO
+ 2'S -7·~.M9 O.
(i) 7'S -120S'oMgO.
EJ 12'S -11.S",.MgO.
+ 17·5- 22-S·'oMgO
e 2205-27.S6'oMgO.
4·0
All molar percent-so
2·0
1·0
., .
mo I. '0 Sc.0a·
10 20
o
F ig.lS. E FFEC T OF 51 LICA ON THE D I ST~IBU T ION COE FFIC IE NT OF 5U LPHUf\
BE TWEE N Fe0-r:t MgO -Si.Ol, 5LAG 5 MOLTEN I~ON.AND
5'0
All molar p e r c e e e s .
14'0 X
x 0·0 - 2'0~.S·~02.'
+ 2>0 - 7'S io S·~Oa.
G> 7·5 - 12.5·'0 S~Ot.
El 12'5-17·5 o'oSi.O,.
+ 17'5 - 22·5·'. S~01_.
20
MAGNESIA ON THE DISTRIBUTION COEFFICIENT Of SULPHUR

j ,
\\ .
\
\
•!
\ ,
\ \
\\\
:r dUt'.: .
;Lu.(PJ \l~' I..t'\ l dc' o~
and nenQo fe....!:le :b'ont U Ofl, oulpmur 0.:'
IDl11 '
r Q1.lQt,f,
1
U" ..
eo
Lt~l":ocmnud Cl~"I.!l hn I1t ..................
-_-
S !
$B 2...{
~
(I) Ji Jt O~.J~ ~ .... :-... '" 'Vi' i!!li nr:et ~~! !.. ~I ~ m ~g 8t9~$• Q ~"f' 1.11,.~ ~~ ~ :!l.!!l ;!J ~: ~ ;!t~ ~
i §o ~S'f 1=i a• t oA~ ~ r,.• .- • • • • •
ti
,8
~ ~0lI<b') ","" O~ttt., • .. A
~
I"i . =
~Q't Cl t:O t-.C'ld) tD• It , '. " . ,Ut fI"J (I')
~GHl:) t:) Co) C) .... ~ a:i
~ • 1l)I"'f: '" 'I.) (00::)(:3""'(t "" • II • II .A •• • •d ~ U1 f4~ e; .~~~~.~ " .
~'t'oo t:Q (';)
" $ • S.:3 .~
(Il Q ,~
.r!t ,!f ~ A .:.
coco 0. t4'.~ ;... t. •
(I\~ ~ f\ t~~ !!l S
f (... • • II •co <0 t--QI) ....
In '0 t'oo
." '" (q
fi ,
"
\1
\
C..,1 -l¥
1'1d. 0 Vh10h I
30
--Darkell atld Gurry-2<>
.13 0
-- Larsoll alld Chipmall, ISSOC.
-4,0
Liquict Oxide
+
Ma9lldit:e
wunite
+
Ma9t1etite
Wiistite
PARTIAL PRESSURE OF IN I~ON OXIDE MELTS AT
EO-UI L I!lR IUM .
.,.
o
.J
-6'0
••-Richardloll all" Jcftu
SS
--St.picc-re alld Chipmall,
"--- Kelley
AT VARYING OXYGEN PRESSURES.
-8'~'':O~-~~~;';_~'''--~4-::'O:---------~~-+-~'';-----'''''''0
• Log po",
PRESSURE OF SULPHUR GAS IN P URE SUL-PH UR DIOXI DE

-2<>
-3'0
-4'0
f
- s·o CJI
o
..J
-6·0
0"
FIt+++
J = FIt++ + F..++'"
0'30·2 o-s0'4 0·6
EFFECT OF SI LlCA AND MAGNESI A 0 N.~ A T VA RY ING OXYGEN PRESSURES
ISSO·C. (From "'he data of Lar~n and Chipma'?,)
• 15S<1C
.160tfC
o
.1620C
e
+ a ~ FcOI "lOs
. Fe........
+f-t- .. .)" Fe....+. Fe....-
(j)~ j .ncI.f.kct .F~c\4Mf>
EFFECT OF OXYGEN POTEN T I AL AND MAGNESIA-51 LICA ON THE
CAPACITY OF IRON OXIDE SLAG 5 lN EQUILIBRIUM WITH SOi~MIXTUP.ES.
01
....
t .....
d • O! • ,
S
11)
11)
t.n
• •t'i
t,.)
~
; re• • •
e C")t· (")(") cot--• •Cl') Cl')
;:t co• •
....
~ ~ t"t---~
n (':• • • • •.,.,.
•M
Cl')
•
...•
•
.to
i oOlo~ 1ft oqg1l1br .
:ql0l"
I.· b.o C;Wtion e nounttnUonu 1n
Til\,
..
hi
nU(f •
..... 1
i
1
~
I
et
QI
9 ..J
o\J ~ ~
0 -
0 ~
o 0
o
'" 0 l!!
1&.1
~~~~
t-
<
«
t-
«
0
..J«
t-
1&.1
:l
tJ ~I
I
0 ~
VI
6 «
s ~,
..J
- ~,
0- en
, '0
x ,
0
, z,
«
,
.oJ
X ,
e
,
«
~ 0 I
.J
:! I
en
\
\
en-c
, e,, :l, 0,
. 0
,
0 "CD u..
en
o
et «..J
tf en
-s• 1&.1
0
0
e
Q
0 ",...
u..
0
U o 0 0
°0 .0 00 og.~ °0
>-
In 0 In In 0 t'4
t-
In ~ 00
In 00 ..,
- - - - -
u
e (;) X~
«
Q.«
0-
u
E
Cl)
1&.1
I
0-1:
Q.
..J
~
h,
2 0
I
N,
l/tle! loa oalcu'l.a
er. «1Vfm 1n 1. 1u WI n
JA,~ 1
tUlt;Rm .ht F1i£.~l.
tr t d1 tl'lbu~' ~ e~£lo1tm
l! ...
o vuq ll ..
:tt.or 0 ¢U cn.ch l.lllU. Tb... ulphtdQ eapno1 ,. t or Oil 1d.tb. do ftol.t.
p (i'e
QquU1btlum <bl'M or U3r·q.(J.~Il1)U!... f'LI'ld ('"qU,*, (41) am! .nftT~l~
B tI
•
',}hi( 111Fast an
"tt) (1')('1') C\CZ)
• • • •M to- M fnlOto-\O
('I) ('!) ~O
lhG5
.!tA • • •r-t ......-s, ,
• t
• , t
C\~ ~ C"
Q') (I' ~t.t
~
In.. II • ..Cf'l «)CO
~M ~
t': (1')(1') ('12M
M"• • " • • • • .. • • • • •
~S If) It)e-
.... .~ !!l~rt• • • • • • " • • • • • •
0 0 '0'. Q
.v ~ i 0", fit C ~ 0_ " "-i' 0& 0 .0 E r»:"!.~ I Q,. U
~ ~
0
0
~
U '" -~0 'Q '"V C ~
*..: e ",. Ut..,c QIz .. o "- ~.. E ..'" oc('" ... Q,. 1/1'" Qe .. -¥'o e
'" .c. .. 0"- U'Q 0 t- \I)
C ,-...;--.
'Q at 0 :),,~ CJ\ Q..00 e
~
'" P", ·0
e 1 #' 0o~, .. ~'" ~ C'I '" '" '" 6~ 0' .c .0 >41 I- -- :. 0-11)\ c - I- .u u .sut, '" o· • .! ·0 ~-, 'V 0 It\ Q. 0 .... (7\ N
~ '"
0 ~, e '" .0 '" .0 .c
I 0 1Il'i'-=- - .... &L, o + 0 El ~, ..____., vol 1/1, - 0\ C)e
~
I
.. E -e.. ..J, E ..
i'4 •
1/1
~ 1 .., " ~o, 1/1, '", z, 8 ~, oc(, til) ~
<
et u:J
.1! 1/1
-s• '"- a0
E )(
0
z
0
c!
0 "-I' 0
>-
I-
U
oc(
Q.
-e
U
'"a
1:
Q.
..J
9
:)
III
0 •
-0
'2S1.~
101
I ~\qI(S·4)
0 0
6 .&.
Q
I ..
,
+1' ( )
·0
clan l1qb
--·"-1t.10nth,
~t,. f!i .re Itn( Cbtp· (J l\tf.lihra. od .'
IGt" to 1.)t ~o l5HO U
l1tt )Q mIll SWl' een leO
VG ~ J
. with
lw! ll' COli
k Of a. er1:. "J~!C
?tU 0 .1:;" nl.~
tbo ,,1 h CO
at. 1'1.1-]:>0 ' m! Cldp~lll \:!\nf'{tQdbOJ.i" ala \4
I
( .' 0) • l' ( 1 .l. (~ I )
! ' n
rtI GUgh t
8
...100-
h b 6.iJ:\
J.m... 0 c
tilt g. dl
plaC • Q c "-I. 1 ""0
1 ~ qu1llbrn od wi h pur nulphur d1~'t1t1 \0101" of
r eon ~1r: l"ODal Cl a
bin
04' l.
pro n
,ruu" .." 1n
o flnd rn1u
i It: ..
loo 00 o..:poo od
t 0
at of net 1ly Ifli
in
tho t
oulp~ C nee
In.
00 l,i1lb
ru.l hur ctl
to h eq.u1U •
'bt poetulrtod 40 0X1d t10u ottba slag,
.... I ..... Co
.; 1"0 .. 'i~(fl) = 'Eo ... 0
with pic" up ot ,ulphUl! un1;U the coticont~ 'tlon or tho fert":\o iONi
becone p'r~c1nbloand tb. roaot1¢nB
+?+ ++
.!.:;' ... m~"e = z. • 2ll"o '., .' (a)
+++ +*
and So... 6Fe ....0= at\) ... & ~
u.
fj Il10d tr.l.ll b tin (6)
eo
no; pO:'lu:1lJl.o Q
1) tonlnl or tho lna va 1n {)uillbr1: \4~h h.
con~ llt Q{" thQ Dl...~fI tin not, M.abOJ:' ceneen pbUt" bolna
prODnt. No bon ~ 31'11 bot 1n tlt reculto ot 51;. 181'1'8
Chip in lld of hiD 1nvQut1 nt1uJ\ b1'~hol" oulp C 01 0 a
Ulbriuu ..
tho ~orJUlt ot St. P3.\ll!'l,-Q and Cblpl'Imtl IIbleh Qgt'~a olQ ~
conoolt El. lQ d
ul,p l1'" con "1 a
36 , 18 C
1'11'1 hu Gfl' ett lumlro
in 1'1 eruct in "''''1'1_
no equU1 1umGUlp con nt.
081'1 ~Gnchod at ~·7 por c n
pene t1 d
I \410 round th! t ~;,I,1a.I.
ok
'currod
fl.I.,iI1>i..W-,~t crucil)l"
rOfUlon n lul
IMRUlDl:.. to :r t ch i)'
hwed III plo up
QXi(.tat1on or lag.
Old on
ulp r (\ cv 10
cl en con inu. d 11
ro za u
t t1nn
w amp1111 to
o be a fo m'o tl
or
conoid blJ
• dio-{itl
0 :d. g
t . • ThiB oulphm9 d1 ida
t"Ull f i Ina not1c d G
h
t1
r 1 d e .ulpl
aullll.U d1
o oluts.. n not 0
1fJ, ntt
hur
ken. It 10
oont! c u1th t. a a
of ~ on !'rot'1 t,:l1s nUl".
101l~ ~han tho u11:1\ !
01~into
ph! ..
h1a;
1 1ng
n
lf1fh 0
vh.: cl OHiO
bt, c1;in
110
...ion in .
Run
1605\) () 1050' n t 1.9/4
g~il1b.t1um a. Ob rOlwb d btl 1 10 not!!; able tMt tho ,1nl UlpW:r
toll tro ~.r? to l"'lpor cen wbilo b o:tid.o.loupot.on~l re 1nJ d
OU.b3tant111.U, oilnattmt.. !tram tb1tl It OOQnJ! tM.t tho ~ot. til
alae
ling
wao~
on Qak1n up
deCl"Go. od nUg
u,_- ~LU.m con nt of:
(l<"Q~) + i~ (8) 1:(r03) to 'iOtJ(S)
R = (rtFosh p
3.
.. ,··.... Ca)
0X1d t'esp ctlV'ol¥ 111 ht'1elil~... I le lLoollOOd
ooott1c1on a of1ron trul.phluQ and ton:ou.u o,d,d
..
oxp vtUuo ith
d rtfft' nOG, u q,.
oould duo to t,,jo "114 au pbur e
AA:1 1" reQ.o 1. n n¥ ll. 0
In.
(0=
tivl ~
'eon nnd lpl' o ono.
ow: d U ,0 1n
l' 0.0 i
- -e- 0 ... S-- A I) _ Rt 0 ..+
rolll chi til ..
Q :mod til tho oh:m
f'"
..... It i <e) !?
onoX'1'I... t
eo... a e
fro or 0 otun 10) ( ) o~
e u.cul:
d or mJ Ii h inr.l." ., in
I 1e
(3) aV'\rA (11 ..
l' ' 1. diroct! 1. ..
() c 'J.. c. It

ot lity thin uta inoJ!'GaftG 'be <Ut'
theorotical oquU1brl uonotM. •
If tllO e:<pOll'i:ntal and thQQrGtcal oqu1U ·1q coostan~
:le n
prGS ne of GUlphu:r ~ havQ an of to t on
v1ae verna in -11.'1.0 nIft bu: hill 10 unliko
QO • '11 0:'; o:qg n tu
du 0
11 pOl~aonta ~nOf !:;u;tphur 1n tho 0 lag.
e:q>l mntlon is tm1i tho chan (0 in er )
1 !llrrar.
-us-
wo e~ '1 d uU u l5tiO
crucl OD.
U G or
B raj
luousdln
l_y. Tho 0 nl 4.
01;1 ;oQf
oUten () t
#l"Qul"od
•
of . 00.. the 1l0'J:'
f.:;..... ~l~. t.UlU
Tn IX III VlIA.
I mm n , ~
in h c 40 0 llppr c1tl l.Y ( 1r.
l" knblo cb n) 18 in h oWen Cal C n
nd no h Uto,"
1\1' n in
n
nll
, 0 a Cl
Q II
1 f'on:l.:
a in t
•
•
•M•
•Cl')
in•
•('I')
In
('I')
•Q)
•
a•
•
•
•
chmllo Q. th' rO:lct.ions tnk111,.>!llnCG 1n tho DJl'OIi i U be p1c"'u:ro4
Q. Q:d.d.,tlon ot ha u.}>cr a~1.g fltwtnce ill con o v1t.Jl uulphUr d1o:d.do,
pick up 0: aulphuJ:o nt tll1 (nu:tnl!o OCCUJ."1'ilJ,il flO well.. ...bDcrulpbtt:" aM
r eh d. T ~lVgon 1)0 ent1o.l of tbe oll1.g 1a too h1 h tor lo. til
;..lU1br!U.'1eul'~'iron pnpGOO hom tb'1 mtnl 1ntQ tho amg to l.o~ thle
~e n potont1u, t}J:l;' 'ill n.1 in tho bulk.
t'll\~ t alro ocour ill .d
th tn to tho uilltlril m.
Q'" pulp lr 3.
Xl ahoutt l¥t run th f. . 10
ith t p 'JOlblt nuaxil U t nt of 1
to tho .fen'to
in the fJl~.
Tho sul1)l1i'" dis ribu' Oil ! t'!'-.i.cl0 ts in
t"Ulla or shown1n Tnblo eQn~F
.!'icl'nt. t 1550ttl
t ty.no OhO\Il1 tor COt", '10011. Altl
to f, ~ 1'r.xn Qtil.:U:n.'1tltn,
dl 1but!..
Uo
into
ant- :r .gbt 01' f II auld 1
cl"Uc1bl t,;11J.l.p \11th th· 1"1ek of cruel
n tonel

onc un 1 VU 'lIJlvon oln
,.11ng, nu
In
10 <lid
\)tl
of ulpbUr,:Lro
t 01£
T au ;bout Run 30
e au }:u.t" Ill!' th . ne on ~. T· i ~11 d
n.i r.
ill(r
•
tl'
1ncr fl d r
in of'tlcien
to £: 11 II th!' otlvi ~ o! .ul.p Ut"
t, t opt
It \)11 1....00£ .:111
10 .....U, O· Uu.1pl 1r b1 ha in
in
ulp r 00:10 e Wl ur In. e
co con ra.Uv .•
In t
of 3-7 P r con u
It
In . un. 30
ea eoncei ....n on
th ncr
I
in
, IJ
c1o.eu
eli dod
50 o lad tn t'u.U
c uciblo vin
•
ot

...l'-o-..
.ll,l~1t.p1);£i9g~tOl!
In tldo 11lwotlga on 1 It founu lt thO rn
of , ulpl1t.tV' by tnol cm tnltl·om a lphW:' d.1o.xtcle/ni~Q;.ml
-7 dopooout on t
bblin '
or can net Qt th
iilU'\Illt..lo 1n,:ro,
w »b80no and benot! In(}l''<<lG&d tIl rata of o:bacrptl.on of nul}Jbur b.Y
tho, m,. Ot.b: r tno' e»:-oattoct1na G rat., 0. 9f'Pt1on
oxollll.tl.od", Ua! tJ1l$ til pm." 1ttl pro tU" ot oulp1l\U." tU. in
gnn 1'11 so (\
ot c:ulphur ~
t plck ...up
ally. her n...
tUld 1nt..T no
nulp.
(le
·".. ·"'...... bUt no
and eU1<:on 1n
tQUnd Q deorocoo 110l-o.tot alXllo:t'tf1ti
Tho l'ateot enrb fl-om 'hn It ~bon tctn.all.
VU luc;rq od b1 111\ln~ :too in purtW pr aourG culphur
d.1Q1dd in tho at phn.f) n n conutnn nitro n t1 Jv Q
BUlpbu!r, not p:ro,pQr. lo!s&U,.
,ooncon6., ton of tllU 1f'n1
1" ,It waa Val')' notioQ6Qlo J: Q
Cl rbon r • 0'V't1l 4lnOI t pr,O,po 10 1 t.O ae In tl t'n of
ul,pl:1.'U:l.-bOCll"pl UI 0 vi: 11 be nbsU1"p ion ot o\Jlpbur tho
t:room tho {flO <..'O\lld no tulto plaoet ulthQtt 4- t~~ fl.U orpt1on Of
n by ~, tlnd ho 00 ro Qvnl, c:".rb 1n
t lttOG
by cone u~ 10n tOUll not
li.n,od prC)v1ou:sll'.
Q f.14o 1V.
li1 o:ron
,',ld pbnao \I
par 1 ,"on
md~rn
~aon evon Wll.q
eae d \I" h ho
o~unit
n
run
nby 1 n fJ
OUD~, nml ba n p
1ur..t u1 b ~ an pO ...Ol1 1 in d.
of ulpllU1" 1n
oxitin 10n po nthl 0.
o.p QOQbi
onchoda. -.I!. ......~
I' cl cl 1:1
1n! 1 6 lJO
tmUlar
u d In
~ hono
n
1 18 tr
d
lA
It tOOl: in t otu #
or Hulplm.-
completo. Tho forr1c n c
Ill, .h.;' k dp1 t
p •. co.uoe
And it
n tho '4.1.JlLu-,u,lt tl.
(1 1 of ala
phut'
1rJ¥ ro.l,ld i ora
ch t stor tJ Ul he a B
e
t
tid
n })oton J.
001 lion, wll
dlodd
ppl! d 1ro~ ~ 0
po Qnt1al 'f he e cl
g BOU nr
1. h
Too 00 nl obnrga tho Gp In...~J) flIi t'AO 11,......".............v
ot 01 eC):'tlp p1g..1ron\ and 1 lu though thnt ha
&o1ng £l,tLt\O in tile ~'loO convor iiho QUrfact't ~ ot Soron !ntO.
0. '~lO'lzy' iron tid oUiett. ng whono l: ,t po
1oo(.'C If b10 thon QC ' 0 Q 3.er nan1Jmt ' h 0
l>1"OVonts tOt) pick-up at nulpbUr bU tho 1n, bulk of tho t1et.'ll.
hi t t1 1 of hi prO (JCUVD GlAfI' Id.n" ha
1 8 U Q nboorb Bulpnur 1. Q
po t1nl ha- ok!n 1 hlah, 1.Ult n h1
it 1 ext.l:'o ly wlllko4t bu; b pbDr wm
lx-ric
ga e" 'Eh· ~een PQi#{mt1Qlot tth ok\nv1. 1 h1 it
GO '0 to qu.U1wlum lA h he dlll1ng phns ..
il"Q1 thG (Jlq)_~ntnl \101 It in tJ tnVOfJ l:mt1on 1t vaa found
that . 11"01'1 ox1d.o...o1J.1on. olng ¢..d n com
p 0 btl 'with tlt UQ.Ui p la ..
u id tbn
ut h >
le in c titlO
l.1quLd"'oolid - ......~. btl lJ.k 4'
t" 'oan liquid £; nnd tb~ a~1lphaQ •vould 'bu roacb d
coul.d 4lqU:ul1 11 U , 1, a
tntortac. It till
con 011 et n()
in
-e
Q~'lJQn 0 apl~~,·',~~ o~ et.
ot'1o. 150 ..
o
of

,J..
er and \l.Bl ch • 'M,llJ3 .1.& 5
a'l,.,j, a4. J. ch1 n and Ta 1,
a., J. hi 0 nnd H. wll1,
G. ..1'.
'T. J.A.
O. J.P.
• ..
1 .. ~l:.
U..J.
l.~. C.
13. r.
1• K. J Illt et
15. '. • it
t J.O'1 ool<rl, '.1
md n.e.
I d., 195, ~, 13 lJ
Mdur, end J;; hlp n, J.. 1 .. J 195 J ~ 384-
I ~d, 19 '!. ;u. '.>39"
and J. Chip n, anD.A.
tAM .1· -e •
, :' i ..
and A. '. id, 1930, CJ4, ~3
r ~r. 11-Q11 n ~) (J 1 n. X
~ ..
:La. '. i'. Co.rt r an S. a.b1r •
19. A. ITO CB n•• !lUoy ..1.' .1., 1
., ,
, J..I." •• , 1 511, ~.
"3. '''J. Rc u. um, .. ~ e, 1at), 1"3.
4. It.L. 1~l,11 ,• -
" .. • J. n,
~6.. .1. J. 1.. ,
7. J. • ., l{ •• :!.t ...a
1. 19;,7,. to ..
. • • Whl " t; mo i38,~7 1
I• " J. r. ., 1 Ut un 7
B Lit: • . lam, III l,
".. • 1, 2 1 .. 5,
33. 1 Chi fl, J. 1 " J 19~3,D
34. l, J.
35. n. J. -, 19SU, !!.& 147
3
, 7• •• t
37 L. '", ~
19'!3.
nn , '1" • ,I. •
39. • 1 ~t • ,3•
4 • .11. ph, ,_.
1. • nnd t! r, ,
4". • • u. » 1 It . 0,,
J~I.·.I.,e noel Coh
193 ,a..., 103.
J. HQ ., 1949,..l.t ~74
11>1..d, 9",;U'r..
s,.
4 .. ".u. nd t.~.,D 'rOn.
6. ..
1>. k n
" 1d,l ,..a.,
\..I.li....., 1..G, , 7, 18..
Ibid, ltJ4'!, 1 , 87
I , 1 St 6~, }
1 v. 1 -, 1933. 30 1 71
1.
5". • ili c. • e •
r. .. ].i. farO. x • H. Q " "- J1Hn,19 J., 11& W •
.. 1\., Uoccn, ,~..J. nn , n J. n, • X .. l "." lQal, ~J.,319
55. .1). J lobtu' Q , Diu • .f 1 , ;:.a. a 1
56 .. c. \A •. SI
"
Iron .J -
57. A. W In 1, ,
.. " i'. J. • •
J.. t If.B• t ..
.. L..C, Chnng G•. ao~
81. f ni l~·• " ..
G~. 1., ,
69. P. f Q.1-1• 19h .;1.1.' e I••
64. • ,
Ao byu oc}
67. C.H. ~l and II Chip ,
• !bid, 915,:,., '-1
~.,13. 1 •~~6
69, I" It r nd '" men,
7. " it r.
71. J. n and K. •
1• 11 1 id! and I., nt• •
73. D.C, flUty t
'I • • .L., t1 OJ. U.J. I 0.1 J.•., • • o•
78. Itt!'. Q J.l!"'. ~l
77. It.I...
18. J. Cb1l' "tl_ n.l .\1.
C.N. 10 on, t
'I • J~ t •
U'II.-U, 19 ?" :1,
1 1, p~, 53-
an • .. .. .E. t 19 ,"t 4'\,
, "
l.l.t.I , 1918,2Z, .
flr.. 8' '" If}l~. ~ f 177
.f
6. .T.
3.. K" Sch10h 1and '1 II
n and . ..
s.
• II V g 1 an G. 11- u •
es, nu S. Lund st,
4. .1;. on· .u, I
61. .. Kenn<rdy,
8$•. , Tahir, l u.
80. t'! ·linn . 1" 1cnl Tableo (
O. .P.
• 1946, 130, 6
1939, 4)3, 319
io" 1951, Olnaa: I
• 1949, \4''''Ullb''''u.
3. II nn , ."
i'lin , and J. J dan, tu(i,
u.s. » lOS?
ld. ntld~... nu, ft
• CbiPI:l1l, J" I·
165

,...., ..-. ,....., .......tIi t;J "" t;ttlt...,..I "-' ...... .....,U') C'I1 §
• • • • •
~
t ~e sfj
otIC
&t)U')(#)8~~
• • , •
g Ela• • • •
· . . " C""\oC\'o. .' .' . .
so
LOo
• ,it •
111
•
....... ,......
~....... -.acs-
.. •
• • •
• •
· ..
.\
.\
\
" ...
.. ~ I
•• I
o.
...1
1 lG~
16~ ,1 ,
0 ...as
se - J;J
1·" .. 161
0- J.
41 .. 8.0
OU .. lr'!a· s
10)" "" 170170 ...,16
.'1
I !It. ot (1
in cl:'Uo11
LI, .ifl!I!llr· .:tMfl.- ; r f '!St M;1 .1 t ,_ f ['r if
I I
I
'~ ;0. a-no
·ao 3-74
3·74 S.
3"54 3·19
a-19 \lOO ,·9
a· .. 3-6.,
,·,65 ,.. 3- '8
a- .. S-ll
a"6u .. 8-0
6·6
31·116ii1
a- 0 .. 3.65
3-68 .. 3.S~
3·a~••
Ga· 9:
5S·.
49·0.0
:? -0
a-93,. 8·0a-a .. a.7n3·7~ 31100
SWI, 3'
3-40 ,3-.33
.( -Ii'1
·~4 ... ·130
~130'.. -1
." '64 "" -. 00
-3 .. -al~
"61~ .. -03
-1
.. ·~48
., ·31~
.... .. ~.,
··03Q ....-34
"340 -- .. 09
.. .• 1-
""..0
...-319.. .
it it ].,. u er o f .llA .f ..tU
·876 .. 1."8
l-~a.. -3
1-80 ""1·311·3 ..1-3
1-36 .. 1•
~- :3 ... "l."
".7i til .0;.
.. :t-S7
,.87 ...!!-
lf39 ...1-
1+33 .. 1·3"1." ..1·<1)'
"-!- .. ·,.,t
~-1t.. ,.n
'''1 - ,-
tJ·oe .. '!'hG:)
!'!. a- <. a
-!II ! @ 'Ms -I , r if ]"t 1llJ' ) i J l fi 'h 1'1. IX r , " t llt I" ')g n j .n 'ill niSi,' - - 1 '
AutUAl from oW
o.nol101o
14 t et lit. t .of
c onaulpbur o111e
1 t !.nod 1
!t'l Qrotlenl OlD
ana ~alG
Ut.Of It" of
noulpbur
gn1n d
I flotl·_.I.-ZllQMfI,-_dl
-166
-000
"050
-W,O
.. 'l
16
"'Oa03
·0743
• 95
,·0373
-147
"1443-10,-
11 ..054 ·001',
..070 • 61.- 0 -mo.en -1 0
-Ol9 .. 30
-~{}
...·Oll
.... 3
...·010
...-C1l4
··1
~7
.....000
-0 5
"0030
~'0.f)S
.... rJ7
..0
lOoM
.013
·Q3~
·0972
-l,UJO
-0790
-0670
·<»85
-lOO
• "0
-alB4
-'OliO
'574
"U781
·f1140
.. 060
'1o~95
·157
"
·U!):> '
·1490
$1*_- _ Jl ... , 11
1
•
A 0 IrOll:
Ru T
____ ~_,,_~_~-._*_u~~~..~w._nq ;_._.__ UI1_,,_,_.l~j(_.~r~·-'_.l1__ '_' ~._'••J~.l_'_'_' __ .~!d_'~'~ ~.~o;~'~'_"_'_J~l. '''''_'~'_rt__ • .~IW._·_I~E~~~
..- .:w Ga-!')
.. 36 ·;!U .. •,. ~l'lG •
2 1-1 .. -1." • 16( J57·3 -l."! -·,8 ·110 •
:"9. ~ 0
~o·'l ...1' • •
~ ...0·0 ,. ,6.. ,,,bO·'1..93·7 •
9a·~'..1")1·7
•
In'M••1'-CO
0 1')0 t'ooll)O C')f:'-.• .,tD
C-- C-- I,:) a) 001;0
e
tJ
011\ If) riOC\ 0(:) .... Min r-.~ ,..• • • • • • • • • • • • • • =~ ~::. ~ q) \0 (Oe •M ,.. a)M
~• •o
C\• • •MM
.. b
~~ g 0
~r-l ~ ~
a
lA.... 171
I:)
,;.t ....0 0• • • • • •0
Ortl•
•
r-l•
•
VlIA.
un
... 0·3 :!O·O n. • n.d. ·0 •
•5" 3·3 1· 0·3 "t.7·4" g·o 1- 70·1 6 •
0- 1 u-? 1-', 80'7
• ·6 0 -7
2 O· n·,l n.d. n.d.
6· .3 401i) 10·3 1•., 3-7
7.111: 6·0 7-7 U·4 7·
·10 ..,·1 ). .7 l,~.J
30 ·4;J 57-? 6-1 6 ·7
0-0 •
7·03 1 .0 67-1
'I·.., 1 ..0 6 ·7
d
--
">.6, ",AA ·1~3 .. ·31.~·31 .. ..
·~lO -3a9
31-0 • w. .
J) ..,", :"1-7& -l'! "1..,., ·"Sl ·!)5
:1·1 - " "307 "1 ·50 -5777r.. ''''1''6·., • '1 • .~ •
3 ... ~l""a e ·"01
.7!; .. " -a • • e
ea .. 22~ .. • "a- • .............. -
C x :f :ID 1) t,
==:=:4=== :;:
Tb au ,
hi w le, CEu:Tiod QU 1n
UopUl:" an t be h01tl Col.luG Qf 'ciune tU
Qlaagow.
